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Effect of Sleep Position and Body Mass Index on

Severity of Sleep Apnea

Yatis Pozisyonu ve Viicut Kitle Indeksinin Uyku Apnesinin

Agirlig Uzerine Etkileri

Fatma Tiilin Kayhan, Zahide Mine Yazici, Ibrahim Sayin
Clinic of Otorhinolaryngology, Head and Neck Surgery, Bakirkdy Education and Training Hospital, Istanbul, Turkey

Objective: To examine the effects of sleep position and
body mass index on obstructive events in adults with ob-
structive sleep apnea syndrome (OSAS).

Methods: The sleep studies of 51 adults with OSAS (ap-
nea-hypopnea index >5/h) were retrospectively evaluat-
ed. The study population was classified into obese (body
mass index (BMI) >30 kg/m?) and non-obese (BMI<30
kg/m?) subjects. Sleep positions were classified as supine
and non-supine (prone, left lateral, right lateral). Data
on total obstructive apnea-hypopnea index (AHI), AHI
by position, AHI by BMI, rapid eye movement (REM)
and non-REM sleep AHI, and REM and non-REM
sleep AHI by position were evaluated.

Results: The mean age was 46.75+10.93 years and 90% of
subjects were males. Total sleep time was 366.49+62.50
minutes. The mean AHI was 33.97£25.45. The mean
BMI was 31.17£5.76 kg/m?. There was no significant

Amag: Polisomnografide tikayic: tipte uyku apnesi sap-
tanan olgularin yatig pozisyonu ve viicut kitle indekleri-
nin uyku apnesine etkisinin incelenmesi planland.

Yontemler: Tikayici tipte uyku apnesi saptanan apne-hi-
popne indeksi (AHI) >5 51 eriskin olgunun uyku calig-
malari geriye donik olarak incelendi. Olgular viicut kitle
indekslerine gére obez viicut kitle indeksi (VKI) »30 kg/
m? ve obez olmayan (VKi<30 kg/m?) olmak tzere iki
gruba ayrildi. Ayrica yatis pozisyonlar: da supin ve supin
olmayan (prone, sag yan, sol yan) olarak iki grupta in-
celendi. Olgularin total apne-hipopne indeksleri (AHI),
AHT lerinin yatis pozisyonu ve VKI ile iliskisi, REM ve
non REM uykusundaki AHTleri degerlendirildi.

Bulgular: Olgularin %9071 erkek qup ortalama yaglar1
46.75+10.93'dii. Toplam uyku stiresi 366.49+62.50 da-
kika idi. Ortalama AHI 33.97+25.45'dir. Ortalama VKI
31.17+5.76 kg/m? idi. Istatistiksel olarak obez ve obez

Introduction

difference between the obese and non-obese groups’ age
and AHI (p>0.05). There was no statistically significant
difference between non-obese cases and the supine and
non-supine values of the obese subjects (p>0.05). There
was no difference in the AHI index in the obese and
non-obese group in the supine and non-supine position
and in NREM periods (p>0.05). The AHI was worse
in REM periods. The AHI was worse in all obese and
non-obese subjects in the supine position (p<0.05-0.01).

Conclusion: In OSAS the AHI was higher in the su-
pine position. Obesity had no additional effect. On the
other hand in all subjects while REM, NREM, AHI
situations were indifferent, obese subjects AHI index in
REM period is worsen.

Key Words: Sleep apnea, body position, body mass in-
dex, sleep stage

olmayan gruplar arasinda AHI, yas ve yatis pozisyonlart
agisindan anlamli fark saptanmadi (p>0.05). Uyku ev-
releri agisindan obez ve obez olmayan gruplarin; supin
ve supin olmayan pozisyonlarindaki AHI NREM'de
farklilik gostermemekte fakat REM'de AHTleri koti-
lesmekte idi. Biitiin olgularin AHT'leri supin pozisyonda
daha kétiilesmekte oldugu saptand: (p<0.05-0.01).

Sonug: Tum tikayici tipte uyku apnesi saptanan olgu-
larin apneleri supin pozisyonda kétilesmekte oldugu
ancak obezitenin bu duruma ek bir katkis1 olmadig1
gézlemlendi. Bir diger agidan da tiim olgularin AHT"leri
yatig pozisyonlarina ve uyku evrelerine gére degisme-
mekle birlikte obez olgularin AHT’lerinin REM peryo-
dunda daha kétilestigi saptand:.

Anahtar Kelimeler: Uyku apnesi, viicut pozisyonu, vii-
cut kitle indeksi, uyku evresi

Obstructive sleep apnea syndrome (OSAS) is a chronic condition characterized by frequent episodes of
upper airway collapse during sleep. This collapse results in substantially reduced (hypopnea) or complete
cessation (apnea) of airflow despite ongoing breathing efforts. It is estimated to affect approximately 3-7%
of the adult population (1). The prevalence of OSAS has been reported to increase with increasing body
mass index (BMI). The aetiology and pathophysiology of the disorder is believed to be multifactorial.

The collapse of the upper airways is modified by a number of factors. In subjects with obstructive sleep
apnea less negative pressure is needed to create a collapse of the upper airways compared to normal
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individuals (2). This increased collapsibility in OSAS subjects
may be due to an anatomically narrow pharynx, an altered reflex
response or altered neuromuscular control (3). These factors may
change as body position changes during sleep.

The importance of body position in the pathogenesis of sleep
apnea has been highlighted in several studies, but with contra-
dictory results (3-5). In our study we investigated the influence
of sleep position within sleep stage rapid eye movement (REM)
or non-rapid eye movement (non-REM) and according to body
mass index by evaluating the polysomnography (PSG) of 51
subjects with OSAS.

Methods

The protocol of this retrospective study was approved by the in-
stitutional review board of the Bakirkoy Training and Research
Hospital. The consecutive sleep studies of 51 adults with an
OSAS apnea-hypopnea index (AHI) >5 who attended our sleep
laboratory unit were evaluated. The subjects arrived at the sleep
unit around 20:00 and the PSG recording lasted from 22:00 till
6:00. The PSG recordings were performed using the Somno-
logica® (Embla Systems, Inc., Broomfield, CO, USA) system,
which evaluated the following variables: electro-oculogram (two
channels); electroencephalography (EEG - four channels); elec-
trocardiography (ECG); electromyogram (EMG) of submen-
tal muscles and both anterior tibialis leg muscles; airflow (with
nasal or oral thermistor); and thoracoabdominal respiratory ef-
fort. Arterial oxyhaemoglobin saturation was measured using a
pulse oximeter placed on the subject’s finger. Snoring sounds
(one channel) were recorded via a microphone located above the
subject’s head.

Body position was confirmed by direct recording of the subjects.
Changes in position lasting more than 5 seconds were consid-
ered as valid changes. Sleep body positions were classified as
supine and non-supine (prone, left lateral, right lateral). Sleep
staging was scored in 30-s epochs according to standard guide-
lines (6). Each epoch was analysed for the number of apneas and
hypopneas. An apnea was defined as the absence of airflow for
>10 s. Events were scored as hypopneas when a visible reduction
in airflow lasting at least 10 s was associated with a 4% decrease
in arterial oxyhaemoglobin saturation. The AHI was defined as
the number of apneas and hypopneas per hour of sleep. A sleep
study finding for OSAS was considered positive when the AHI
was more than five events per hour. The severity of sleep ap-
nea was classified according to the American Academy of Sleep
Medicine task force. The severity of sleep apnea was classified
as mild if the AHI ranged from 5 to 15/h, moderate when the
AHI ranged between 15 and 30/h, and severe when the AHI
was >30/h. Subjects were also classified according to their body
mass index.

Body mass index was calculated as weight in kilograms divided
by the square of height. The obese group included patients with a
BMI 230 kg/m? and the non-obese group included those with a
BMI <30 kg/m?. The values measured in the supine and non-su-
pine position as well as REM and NREM sleep values were
compared between obese and non-obese groups. A comparison
of supine and non-supine position, and REM and non-REM

sleep values according to AHI severity was also conducted.
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Statistical analysis

The NCSS 2007&PASS 2008 Statistical Software (Utah, USA)
was used for the statistical analysis. Descriptive statistical meth-
ods (Average, Standard deviation) were used to evaluate the data,
and the Kruskal Wallis test was used for inter-group compari-
son of the parameters that do not demonstrate distribution. The
Mann-Whitney U test was used to determine the group respon-
sible for a difference. The Wilcoxon sign test was used for with-
in-group comparisons. The results were evaluated according to a
confidence interval of 95%, and a significance level of p<0.05.

Results

'The data of 51 subjects were analysed in this study. There were
46 men and 5 women, aged between 18 and 73 years (mean
46.25 years). Total sleep time was 366.49+62.50 minutes. The
mean AHI was 33.97+25.45. The mean BMI was 31.7£5.76 kg/
m?. Among the OSA subjects 17 were classified as mild, 8 as
moderate and 26 as severe OSAS. According to the BMI, 25
subjects were obese and 26 subjects were non-obese.

There were significant differences between the mean non-supine
AHI (27.0£29.9) and supine AHI (44.5+29.6) (p=0.01). There was
no significant difference between obese and non-obese age and
AHI (p>0.05). There was no significant difference between obese
and non-obese supine and non-supine values and NREM values
(p>0.05), nor were there any differences in their AHI (p>0.05).
The AHI was worse during REM periods. The AHI was worse in
all subjects when in the supine position (p<0.05-0.01) (Table 1).

According to the AHI there are highly statistically significant
difference between supine position (p<0.01). In the binary com-
parisons that were conducted to determine the source of the sig-
nificance, supine levels of mild cases was lower in significance
than the moderate and severe cases (p=0.005; p=0.001); the
supine values of the moderate cases were lower in significance
than the severe group (p=0.009). According to the AHI, there
are highly statistically difference between non supine values
(p<0.01); in the binary comparisons that were made to deter-
mine the source of the significance, the supine levels of the mild
cases were significantly lower than the severe subjects (p=0.003)
while they have been found to demonstrate no significant differ-
ence than the AHI moderate cases (p=0.370) (Table 2).

Discussion

Polysomnography is considered the gold standard in the di-
agnosis of sleep disorders. A gold standard should have 100%
sensitivity and specificity; however, like most other diagnostic
tests, PSG is not ideal but rather the best available method for
diagnosing OSAS. When evaluating a sleep study factors such
as sleep position need to be taken into consideration. Breathing
disturbances may vary according to sleep position. The results of
this study demonstrate that in subjects with severe OSA, who
had a large number of apneic events in both the supine and
non-supine position, the apneic events occurring in the supine
position were more severe than those occurring in the non-su-
pine position. If positional worsening is detected, positional
therapy will be considered among other treatment options.

George et al. (7) found that in obese sleep apnea subjects, apneas
and hypopneas occur more frequently in the supine position.
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Table 1. Comparison of values in supine, non-supine position, REM
and non-REM sleep between obese and non-obese group

Non-obese Obese P
Ort+SD (median) Ort+SD (median)
Supine 30.09+27.93 (38.05) 49.65+30.90 (52.8) 0.214
Non-supine 20.52+27.71 (8.58) 32.66+32.16 (30.75) 0.144
p 0.004* 0.003"*
REM 31.92+27.77 (27.1) 46.67+28.98 (42.60)  0.048*
Non-REM 28.13+22.23 (26.70) 40.35+29.73 (33.15) 0.221

p 0.330

*: Mann-Whitney U test, *p<0.01
*: Wilcoxon signed Rank test

0.313

REM: Rapid eye movement, Non-REM: Non-rapid eye movement

Table 2. Comparison of supine and non-supine position, and REM
and non-REM sleep values according to AHI severity

AHI

Mild Moderate Severe p
Ort+SD OrtzSD Ort+SD
(median) (median) (median)

Supine 17.10£21.60 38.60+26.74  63.33+19.69 0.001
(10.80) (30.10) (64.60)

Non-supine 11.24£21.06 10.20£9.96  42.40+31.25 0.004*
(6.39) (7.43) (35.48)

1'p 0.030* 0.063 0.002**

REM 15.84+18.80 31.62+16.23  54.42+26.53 0.001**
(10.90) (31.40) (54.10)

Non-REM 12.10£19.77 20.68+6.54  53.12+20.23 0.001**
(7.60) (20.15) (47.30)

p 0.244 0.123 0.677

*: Mann-Whitney U test, *p<0.01
*: Wilcoxon signed Rank test
AHI: Apnea-hypopnea index, REM: Rapid eye movement, Non-REM: Non-rapid eye movement

This is true during NREM but not during REM sleep. Accord-
ing to their findings positional therapy may not be useful for
subjects with severe OSAS. In their study fewer obese subjects
were likely to show position-sensitive apneas than non-obese
subjects. In our study there was no significant interaction be-
tween body position and sleep stage. However many factors
(number of subjects, upper airway resistance, size of pharynx,
position-induced reflexes) contribute to the rate of apneas. Fur-
ther studies that include a large number of subjects and evaluate

the effect of these factors on OSAS will be helpful.

Penzel et al. (3) also found no significant interaction between
body position and sleep stage. They examined the effect of body
positional collapsibility of the upper airways during all sleep
stages for a possible reduction from the supine to lateral po-
sition. Their study indicated that upper airway collapsibility in
either the lateral or supine position was not affected by sleep
stage. No significant effects of position on upper airway resis-
tance were found.
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Oksenberg et al. (8) showed that the severity of OSAS is deter-
mined not only by the apnea+hypopnea index but also by the
number of apnea or hypopnea events themselves. They stated that
the probable physiological mechanism responsible for increased
apnea severity in the supine position is related to the effect of
gravity on the upper airway. It is known that in the supine posture,
gravity increases the tendency of the tongue and soft palate to
block the throat, which will cause breathing abnormalities.

There are limited data available on the effects of positional ther-
apy in subjects with sleep apnea but our study demonstrated that
all types of OSAS subject were worse in the supine position. Po-
sitional therapy may be a clinically effective method for selected
OSAS subjects. Oksenberg et al. (9) recommended positional
therapy mainly for older subjects who chose to use this form of
therapy rather than continuous positive airway pressure treat-
ment. The tennis ball technique is a type of positional therapy
that was used in the abovementioned study.

Despite the fact that over half of OSAS subjects record changes
in OSAS severity with body position, these data have not been
used for treatment modalities. The importance of body position
in the pathogenesis of sleep apnea has been demonstrated in
several studies but the results were contradictory (3-5). Most
studies in this area are small, non-randomized, uncontrolled and
short term. Our study also involved a small number of subjects.

Conclusion

Polysomnography should always be interpreted in light of a sub-
ject’s sleep position. Sleep position will worsen the apneic or
hypopneic events in subjects with OSAS. Before choosing con-
servative positional therapy or more invasive surgical treatment,
the presence or absence of positional change effects should be
evaluated. In selected cases positional therapy should be used in
conjunction with other treatments.
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